






Neuroethics of Sport – Neuroenhancement
Abstract
In the pursuit of perfection in a sport arena, with the help of sport science and its accom-
panying technologies, humans have been pushing up against the limits of their physical 
body. However, the limits of the human mind have not yet been fully explored. Although 
a vast majority of sports have a strong component of physical strength and skillfulness, 
they are tightly interwoven with perceptual and cognitive processes. The perfect perform-
ance requires the “perfect brain” and in the quest for excellence athletes are reaching for 
different means of neuroenhancement. Some of used enhancement methods are subject to 
doping control, but some of them are (still) out of regulatory boundaries. By integrating 
neuroscientific knowledge with ethical and social thought, the article will analyze different 
neuroenhancement approaches of these enhancement methods and related ethical issues.
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fore,	 the	 necessity	 for	 integrative	 thinking	 (philosophical	 and	 (bio)ethical)	




has	been	 thrust	upon	 scientists	 and	 in	our	 case	 towards	 the	athletes,	 sports	
institutions	and	sports	fans.	These	responsibilities	are	actualised	in	this,	not	





















The	Stanford encyclopedia of philosophy	defined	neuroethics	as
“…	an	interdisciplinary	research	area	that	focuses	on	ethical	issues	raised	by	our	increased	and	
















Sport and (Cognitive) Enhancements
























































bility,	 anxiety	management,	 etc.	 are	all	 factors	 that	distinguish	exceptional	
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athletes	from	the	best,	and	all	fall	under	the	broad	definition	of	cognition.	
All	 of	 these	 need	 to	 be	 combined	 with	 fast	 integration	 and	 processing	 to	
deliver	decisions	that	are	appropriate	and	possibly	the	best	for	the	situation.	







with	 synaptic	 plasticity	 actualised	 through	 changes	 in	 the	 excitability	 of	
neuronal	membrane.	Through	synaptic	plasticity,	neurons	learn	and	dynami-
cally	modulate	their	strength	enabling	the	brain	to	be	flexible	and	to	adapt	
to	 changes.	Synaptic	plasticity	 is	 enabled	by	changes	 in	gene	expression,	
which	 further	 promote	 dendritic	 arborization	 (Lanni	et al.	 2008;	Sharma,	
Classen	&	Cohen	2013).
The	 actualisation	 of	 cognitive	 functions	 always	 includes	more	 than	 a	 sin-
gle	brain	 circuit	 and	 single	neurotransmitter.	For	 example,	 although	work-
ing	memory	and	attention	are	 strongly	 linked	with	 the	dopamine,	working	
memory	can	also	be	 influenced	by	acetylcholine,	noradrenaline	or	seroton-
ergic	modulation.	On	the	other	hand,	subtle	but	important	differences	in	the	
















their	 specificity	 is	 also	 insufficient	 to	 provide	 the	 desired	 ‘fine	 tuning’	 of	
cognitive	traits	necessary	for	optimisation	in	sport,	and	it	is	highly	unlikely	
that	it	could	be	achieved.
Neurodoping and Neuroenhancement in Sport
According	 to	 the	 WADA	 World	 Anti-doping	 code	 (2015	 with	 the	 2019	
amendments),	doping	is	defined	as	the	occurrence	of	one	or	more	of	the	anti-
doping	rule	violations	outlined	in	Article	2.1	through	Article	2.10	of	the	Code	












drugs	with	 the	 aim	 to	 enhance	 sports	performance	and	 improve	an	athlete’s	 ability	 to	win.”	
(Dikic,	Djurdjevic	&	McNamee	2017)



































Drugs in the Third Reich	(2015).	Irrespective	of	the	high	level	of	diagnostics	
and	scientific	ways	of	analysing	the	physiological	effects	of	certain	drugs	and	













































Disorders	of	 the	sphingolipid	metabolism	resulted	 in	an	 increased	dendrite	








very	specific,	and	 it	 is	unlikely	 that	a	“set	of	 traits	necessary	 for	winning”	





















































testimonies,	 or	 through	 cases	 when	 athletes	 are	 tested	 positive.	 Cognitive	
doping	is	not	a	novelty	and	data	are	abundant	through	the	modern	history	of	
sport	that	shows	the	use	of	substances	that	act	through	the	neurotransmitters’	
























of	 ADHD	 is	 higher	 in	 athletes	 at	 both	 collegiate	 and	 professional	 levels	
compared	 to	 the	general	population,	which	might	 indicate	abuse	(Nazzer,	
Mansour	&	Gross	2014;	Reardon	2016).	However,	reliable	scientific	 lite-
rature	 in	 this	 field	 is	 scarce.	 Increased	 percentages	 of	 ADHD	 in	 athletes	












































































Electrical and magnetic brain stimulation
When	considering	a	treatment	of	the	brain	with	electrical	stimulations,	it	is	
































ment.	 Studies	 in	 healthy	 individuals	 have	 shown	 the	 potential	 of	 tDCS	 to	
improve	 working	 memory,	 attention,	 language,	 mathematics	 and	 decision	
making.	The	effects	of	tDCS	stimulation	are	also	observed	in	the	functions	
of	the	frontal	lobe	related	to	impulse	control,	cognitive	control	and	creativity	
(Luedtke	et al.	 2012;	Feng,	Bowden	&	Kautz	2013;	Mondino	et al.	 2014;	
Kuo,	Chen	&	Nitsche	2017).
Some	medical	 tech	 companies	 (Medtronic,	Brainlab,	Evoke	Neuroscience)	
are	 developing	virtual	 reality	 treatments	 in	 conjunction	 with	 an	 EEG	 and/
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of	 TMS	 in	 the	 treatment	 of	 psychiatric	 diseases	 (depression,	 acute	mania,	
bipolar	 disorders,	 panic	 disorders,	 hallucinations,	 obsessions/compulsions,	












In	 sports,	 TMS	has	 found	 an	 application	 in	 post-exercise	 facilitation,	 cen-
tral	fatigue,	sensorimotor	integration	and	co-ordination	(Goodall	et al.	2014;	
Moscatelli	et al.	2017).	A	comprehensive	overview	of	TMS	is	presented	in	












respect	were	promoted	 (IOA	2018).	 If	we	would	 like	 to	 connect	 the	 same	
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sport	 is	 no	 longer	 fulfilling	 the	 expectations	 of	 a	 discipline	 that	 holds	 the	
virtues	of	ancient	Greece.	While	some	see	doping	as	a	 threat	 to	sports	and	
competitions,	others	believe	 that	 ‘ethics	 in	sport’	 is	an	oxymoron,	and	 that	
























tails	 of	 drugs	 is	 also	 pertinent	 as	 well	 as	 questions	 about	 authenticity	 and	
identity.
However,	pharmacological	means	of	achieving	neuroenhancements	are	well	





There	 is	a	big	disproportion	 in	 the	regulation	of	pharmacological	and	non-
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tDCS	and	TMS	are	usually	described	as	a	non-invasive	technique	as	no	part	
of	 the	devices	breach	 the	skin.	However,	 they	have	 the	potential	 to	 induce	
changes	in	neuron	firing	and	can,	therefore,	affect	the	brain	neuroplasticity.	


























































































technology	 has	 given	 us	 some	 very	 sophisticated	 tools,	 helping	 us	 to	 see	
through	 the	 skull	 and	 to	detect	 even	 the	 slightest	 changes	 in	 impulses	 and	
signals	happening	underneath.	We	have	witnessed	an	exponential	growth	in	






for	attaining	an	end.	In	our	technological	society,	technique is the totality of methods rationally 
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Neuroetika i sport – neuropoboljšavanje
Sažetak
U potrazi za savršenstvom u sportu, uz pomoć znanosti o sportu i pratećih tehnologija, ljudi 
pomiču granice svojih tjelesnih sposobnosti. Međutim, granice ljudskog uma još nisu u potpu-
nosti istražene. Iako većina sportova ima snažnu komponentu tjelesne snage i vještine, oni su 
čvrsto isprepleteni s percepcijom i kognitivnim procesima. Savršena izvedba zahtijeva »savršeni 
mozak« i u potrazi za izvrsnošću sportaši posežu za različitim načinima neuropoboljšavanja. 
Neki od korištenih metoda poboljšanja podliježu dopinškoj kontroli, no neki od njih su (još uvi-
jek) izvan regulatornih granica. Integriranjem neuroznanstvenih znanja s etičkom i društvenom 





Neuroethik des Sports – Neuroverbesserung
Zusammenfassung
Im Streben nach perfektion in der Sportarena stießen die Menschen mithilfe der Sportwissen-
schaft und der dazugehörigen Technologien an die Grenzen ihres physischen Körpers. Die Gren-
zen des menschlichen Geistes sind jedoch noch nicht vollständig erforscht. Obwohl die große 
Mehrheit der Sportarten eine starke Komponente der körperlichen Stärke und Geschicklichkeit 
aufweist, ist sie dicht mit den perzeptiven und kognitiven prozessen verwoben. Die perfekte 
Leistung erfordert das „perfekte Gehirn“ und auf der Suche nach Spitzenleistungen greifen die 
Sportler nach diversen Mitteln des Neuro-enhancements. einige der verwendeten Steigerungs-
methoden unterliegen der Dopingkontrolle, einige von ihnen sind jedoch (immer noch) außer-
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halb der regulativen Grenzen. Durch die Integration vom neurowissenschaftlichen Wissen mit 
dem ethischen und sozialen Gedanken analysiert der Artikel unterschiedliche Herangehenswei-





Neuroéthique et sport – neuro-amélioration
Résumé
Étant à la recherche de la perfection dans l’arène sportive, et avec l’aide des sciences du sport 
et de ses technologies connexes, les hommes repoussent les limites de leurs capacités physiques. 
Toutefois, les limites de l’esprit humain n’ont pas encore fait l’objet d’une étude approfondie. 
Même si la majorité des sports requiert une forte composante de force physique et d’habileté, les 
processus de perception et de cognition y sont étroitement mêlés. La performance parfaite re-
quiert « un cerveau parfait » et dans leur quête de l’excellence les athlètes recourent à différents 
moyens de neuro-amélioration. Certaines des méthodes d’amélioration utilisées sont soumises 
à un contrôle de dopage, alors que d’autres n’entrent pas (encore) dans les limites réglementai-
res. en intégrant la connaissance neuroscientifique à la pensée éthique et sociale, cet article va 
analyser les différentes approches de neuro-amélioration de ces méthodes d’amélioration et les 
problèmes éthiques qui y sont liés.
Mots-clés
sport,	amélioration	de	l’homme,	neuro-amélioration,	dopage	cérébral,	amélioration	pharmacologique,	
amélioration	non-pharmacologique,	thérapies	digitales,	tDCS,	TMS
